Acquired drug resistance to vascular endothelial growth factor receptor 2 tyrosine kinase inhibitor in human vascular endothelial cells.
Acquired resistance to antiangiogenic drugs has emerged as a potentially important issue in clinical settings; however, the underlying molecular and cellular mechanism of resistance to vascular endothelial growth factor receptor 2 (VEGFR2) tyrosine kinase inhibitor (TKI) remains largely unclear. We evaluated the cellular characteristics of human umbilical vein endothelial cell (HUVEC) clones, which are resistant to VEGFR2-TKI (Ki8751) to elucidate this mechanism of resistance to antiangiogenic drugs. Resistant HUVEC clones were 10-fold more resistant to VEGFR2-TKI than the parental cells and they exhibited an almost complete absence of VEGF-mediated cellular proliferation. The mRNA expression analysis revealed that expression of VEGFR1, VEGFR2 and VEGFR3 was lower in resistant clones, while that of several angiogenic ligands was increased. The protein expression of VEGFR2 was markedly down-regulated in two (R5 and R6 clone) out of five resistant clones. Focusing on the R5 clone, VEGF stimulation did not increase the phosphorylation of VEGFR2 or the dimerization of VEGFR2. The inhibition of phospho-AKT by VEGFR2-TKI was also weakened more than 10-fold in the R5 clone. Finally, a microarray analysis revealed that some angiogenesis-associated, and some angiogenesis-specific genes, including platelet endothelial cell adhesion molecule 1 (PECAM1)/CD31, homeobox A9 (HOXA9), and endothelial cell-specific molecule 1 (ESM1), were remarkably down-regulated in all the resistant clones compared with the parental cells. HUVEC clones resistant to VEGFR2-TKI exhibited down-regulation of VEGFR2, a decreased signal response to VEGF stimulation, and the loss of vascular endothelial markers. These results strongly suggest that an escape from VEGFR2 signaling-dependency is one of the cellular mechanisms of resistance to VEGFR2-TKI in vascular endothelial cells.